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ABSTRACT 
 
 
 
The helicopter tail shake phenomenon is an area of great concern to 
helicopter manufacturers as it adversely affects the overall performance and handling 
qualities of the helicopter, and the comfort of its occupants. This study is intended to 
improve the understanding of the unsteady aerodynamic load characteristics 
triggered by the helicopter main-rotor-hub assembly wake that lead to this 
phenomenon by experimental and numerical investigations. In this research work, a 
simplified NASA standard fuselage model was mated to a main-rotor-hub assembly 
from a remote-control helicopter. Data of pressures and velocities inside the wake, as 
well as the aerodynamic drag, corresponding to the variations of helicopter’s 
advance ratios and pylon configurations were captured. This work had gained some 
useful information towards further understanding of this long running issue, with a 
potential to minimise the problem. The dynamic analysis, through the power spectral 
density, root-mean-square and probability density function analyses, was also 
conducted and had successfully quantified the frequency and unsteadiness of main-
rotor-hub assembly wake. Computational Fluid Dynamics (CFD) had also been 
carried out to model and simulate the wake dynamics, and were successfully 
validated using experimental results. The Sliding Mesh method was opted to 
simulate the rotation of main-rotor-hub assembly whilst the aerodynamic flow field 
was computed using the Large Eddy Simulation equations. As the CFD results were 
found to be in accordance with the experimental results, a reliable CFD modelling 
technique for the unsteady wake analysis of the helicopter main-rotor-hub assembly 
wake has thus been forwarded. Accordingly, this numerical modelling could be used 
to supplement experimental work. In addition, this research programme had also 
successfully proposed a modelling technique of simplified helicopter main-rotor-hub 
assembly viable for unsteady aerodynamic wake studies. 
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ABSTRAK 
 Fenomena getaran pada ekor helikopter merupakan suatu isu yang dipandang 
berat oleh para pengeluar helikopter kerana ia memberi kesan kepada prestasi 
keseluruhan dan kualiti kawalan helikopter, serta keselesaan penumpang. Kajian ini 
bertujuan untuk menambahkan lagi kefahaman ke atas ciri keracak aerodinamik 
tidak-tetap dari hab-rotor-utama helikopter yang merupakan sumber utama penyebab 
fenomena ini, melalui kerja-kerja penyelidikan secara ujikaji dan simulasi 
berkomputer. Model fiuslaj piawai NASA yang dipermudah digandingkan bersama 
hab-rotor-utama dari helikopter kawalan jauh untuk digunakan sebagai model kajian. 
Data tekanan dan halaju dalam keracak, serta daya seret aerodinamik pada pelbagai 
nilai nisbah-maju dan konfigurasi pelindung hab-rotor-utama helikopter, telah 
diperolehi. Kajian yang dijalankan ini telah berjaya  memberikan beberapa maklumat 
berguna yang mungkin berpotensi untuk mengurangkan  permasalahan yang telah 
berlanjutan sekian lama ini. Analisis dinamik, menerusi analisis terhadap ketumpatan 
spektra kuasa, punca min kuasa dua dan fungsi ketumpatan kebarangkalian, juga 
dilakukan dan berjaya mengenalpasti frekuensi serta ketidak-tetapan aliran keracak 
hab-rotor-utama helikopter. Simulasi dinamik bendalir berkomputer juga dilakukan 
untuk memodelkan dan mensimulasikan dinamik keracak dan telah berjaya di tentu-
sahkan dengan keputusan ujikaji. Kaedah Jejaring Gelangsar diaplikasikan untuk 
mensimulasikan  putaran hab-rotor-utama helikopter manakala medan aliran 
aerodinamik dikira menggunakan persamaan Simulasi Olakan Besar. Oleh kerana 
hasil simulasi ini sejajar dengan keputusan ujikaji, suatu teknik permodelan simulasi 
untuk analisis keracak tidak-tetap hab-rotor-utama helikopter telah berjaya 
dihasilkan. Justeru itu, simulasi  berkomputer ini juga boleh digunakan untuk 
melengkapkan lagi kerja ujikaji. Di samping itu, penyelidikan ini juga telah berjaya 
mencadangkan satu model bagi hab-rotor-utama helikopter dipermudah yang boleh 
digunakan bagi kajian keracak aerodinamik tidak-tetap. 
